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(54) Method for forming a photoresist pattern 

(57) After forming a resist film by coating a semicon- 
ductor 8ii>strate with a resist pattern exposure is con- 
ducted by irradiating the resist fBm with ArF examer 
laser with a mask used. A silytation agent of 4'dtmethyt- 
silOKy-3-penten-2-one is suppfied onto the surface of 
the resist film having k>een sut>iected to tiie pattern 
exposure, thereby forming a silylated layer in an unex- 
posed portion of the resist film. The resist film is etched 
by using the silylated layer as a mask, so as to remove 
an exposed portk>n of the resist f ilm. Thus, a resist pat- 
tern can be formed out of the resist film. 
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Description 

BACKGROUND OF THE INVENTION 

5 The present Invention relates to a pattern fomiation method for forming a re^st pattern on a semiconductor sub- 

strate in a manufacturing process of a semtcorxJuctor device. 

bi accordance with development of higher integration of .semiconductor integrated circuits, there is a demand for 
further r^nement df the semiconductor integrated circuits, and epqx>sing light having a much shorter wavelength is 
desnred in Gthography technique. Specifically, as exposing light used in pattern exposure during the formation of a resist 

10 pattern having a fine width smaller tt^ 0.15 pan, ArF excimer laser is used because its wavelength is suff identl/ short 
lor attaining hugh resolution. 

The ArF excimer laser, however, has a problem tfiat the depth of focus is small t>ecause of its short wavelengtti. 
Ther^ore. as a pattern formation method using the lithography technique, a sitylation process, in wNch a resist pat- 
tern is formed by conducting etcNng on a resist film with a silytated layer formed on the resist film used as a mask, has 
IS been proposed. 

A conventional pattern formation method using the sSylation process will now t>e described with reference to Fig- 
ures 7(a} through 7(d). 

Rrst after a resist film 2 with a thickness of 0.7 ^m is formed by coating a semiconductor sii>strate 1 with a resist 
material (such as SAL-601 ; manufactured by Shipley Far East Connpany) as is shown in Figure 7(a). pattern exposure 
20 Is conducted, as is shown in Rgure 7(b), by irradiating the resist film 2 with ArF excimer laser 4 ttvough a masic 3 having 
a desired pattern shape. 

In an exposed portion 2a of the resist film 2. crosslirtoge is caused in the resist material through the exposure. An 
example of the crosslinkage caused when the resist material does not include a cross linidng agent is represented by 
the following chemical formula 1 . and an example of the crossTinkage caused when the resist material includes a cross 
2S linidng agent is represerited by the following chenvcal formula 2: 

[Chemical formula 1] 
-fCH-CtL4- 
OH 
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[Chemical formula 2] 



-(-CH-CH24- 0 0 



OH 0"^ iT S '^O 



<k + 
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0 0- 



1 



exposure 



-(-CH-CH2-)- -(-CH-CH24- 
0 N^N 0 



40 The aforementioned resist material SAL-601 manufactured by Shf)ley Far East Company includes a cross linking 
agent 

Next the semiconductor sut>strate 1 Is heated to a temperature of approximately 11 O^'C. and a vapor treatment for 
supplying dimethylsilyt dimethylamine (DMSOMA) 5 having been put in a gas phase through bubbToig as a sOylalion 
agent onto the suilace of the resist film 2 for approximately 90 seconds is conducted as is shown in Figure 7(c). 

4S Through this vapor treatment silylalion between OH groups of a resin Included in the resist film 2 and silyl groups of the 
DMSDMA 5 is caused in an unexposed portion 2b of the resist film 2 as is represented by the following chemical for- 
mula 3. thereby fonrang a sllylated layer 6 on the surface On the other hand, in the exposed portiai 2a of the resist film 
2. the silylated layer 6 is not formed because the molecular weight of the resin ricluded in the resist material has t>een 
so increased through tfie crosslinkage that the sHylation t>etween the OH groi|3s etnd the sHyl groups is scarcely 

50 caused. In this case, a by-product generated through the silylation is evaporated. In the following chemical formula 3, R 
indicates the resin Included in the resist material: 
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[Chemical formula 3] 

CH3 - Si - N(CH3)2 + 
H 

(DMSDMA) 



IS 



^ (silylation) 



CH3 

CH3 - Si - OR + NH(CH3)2 1 
H 

(silylated layer) (by-product) 



Next, the exposed portion 2a of the resist film 2 is removed through dry etching of the resist film 2 by using the 
sflylated layer 6 as a mask as is shown in Figure 7(d). Thus, a resist pattern 7 is fonmed in the unexposed portion 2b of 

30 the resist film 2. 

Since this pattern formation method using the silylation process adopts the dry etching conducted by using the 
silylated layer formed on the surface of the resist f flm as a mask, the method is not affected by reflected light from the 
semiconductor sub»strate. Therefore, the resultant resist pattern can attain a high aspect ratio. 

However, accoitfing to this method, the pattem width of the silylated layer 6 is smaller than the width of tfie unex- 

35 posed portfon 2b of the resist film 2 as is shown in Figure 7{c), In addition, the thtekness of the silylated layer 6 is not 
suff iciently large and is further smaller toward the edges of the pattern. Accordingly, when the etching is conducted on 
the resist f Bm 2 by using this silylated layer 6 as a mask, the edges of the pattern of the silylated layer 6 are damaged 
through the etching as is shown in Figure 7(d). Thus, this method has a protrfem that the pattem width of the resist pal- 
tern 7 becomes further smaller than the width of the unexposed portion 2b of the resist film 2. 

40 This problem also occurs when a resist pattern is formed as follows: A silylation agent is supplied onto the surface 
of a resist film having been sutsfected to the pattern exposure, so as to form a silylated layer on the surface of an 
exposed portfon of the resist film exposed through the pattern exposure. Then, the resist film is etched by using the 
sHylated layer as a mask, thereby removing an unexposed portion of the resist f flm. 

When the pattem width of the silylated layer is small and thin as described above, the silylated layer cannot suffi- 

45 denlly dchibit a masking function, resulting in degrading the pattern shape of Ihe resultant resist pattem. As a result, a 
failure can be caused in tfie semkx>nductor device in suljsequent processes. Thus, the yield of the semiconductor 
devfoe can be disadvantageousty decreased. 

SUMMARY OF THE INVENTION 

50 

In view of the aforementfoned problems, the object of the invention is preventing the degradatfon In the pattern 
shape off a resist pattem by making the pattern width of a silylated layer formed on a resist film substantially the same 
as the width of an exposed or unexposed portion of the resist film and increasing the thickness of the silylated layer. 

The present inventors made various examinations and found that the degradation in the pattern shape of a resist 
55 pattern is caused because the sllylatfon between OH groups (weak ackJic groups) of the resist film and silyl groups of 
a silylation agent occuning on the surface of the resist film in response to the supply of the ^lylation agent is inhfoited 
by an alkali component generated from the silylation agent 

The following chemical formula 4 represents a reaction between N(CH3)2 groups (alKafi component) of DMSDMA 
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and OH groups of the resist f im. Since the reaction of the chemical formula 4 occurs in parallel with (competitively with) 
the silylation represented by the chemical formula 3, the number of OH groups concerned in the silylation is decreased, 
resulting in inhibiting the silylation. In the following chemical formula 4, R irxlicates a resin included in the resist: 

[Chemical formula 4] 



to CH3 CH. 

I 1 ' 

CH3 - Si - N(CH3)2 + ROH CH3 - Si - N(CH3)2 

H H 



IS 



20 



25 



35 



(DMSDMA) 



ROH 



Also, the following chemical formula 5 represents a reaction between an alkaline by-product generated through the 
silylation represented by the chemical formula 3 and the OH groups of the resist f im. Owing to the reaction of the chem- 
ical formula 5, the nun^ber of the OH groups concerned in tfie silylation is also decreased, resulting In inhibitnig the 
silylation. In the following chemical formula 5, R indicates a resin included In the resist 

[Chemical fonnula 5] 



HN(CH3)2 + ROH HN(CH3)2 

ROH 



The present invention was devised on the basis of tfiis finding that the width arxJ the thickness of the silylated layer 
40 is decreased because the silylation cannot be sufficiently caused due to the decreased number of the OH groups con- 
cerned in the silylation through ttie reaction between the alkafi component included in the silylation agent and the OH 
groups. According to the invention, a silylation agent wtilch does not produce an alkali component is st43pried ortto the 
surface of a resist film having been subjected to the pattern exposure, so as to form a silylated layer in a portion of the 
resist film where crossRnkage is not caused. 
45 The first pattern formation method of this invention comprises a first step of forn^ng a resist film l^y coating a sem- 
iconductor sttetrate with a resist; a second step of conducting pattern exposure on the resist film by using a mask hav- 
ing a desired pattern sliape; a third step of forming a silylated layer in an unexposed portion of the resist fim not 
exposed in the pattern exposure k>y supplying a silylation agent including a silane compound represented by the f61k>w- 
ing general formula (1) onto a surface of the resist film having been sUsf ected to the pattern exposure: 

so 



SB 



5 



EP0889 367A1 



10 



40 



Ri_Si-0-C 



0 =C 



wherein R^. and R^ are Ihe same or different groups selected from the groi4> consisting of a hydrogen atom, a sub- 
is stituent or non-substituted saturated hydrocartx)n group having 1 through 6 cai1x)n atoms, a siiDStituent or non-si±)Sti- 
tuted unsaturated hydrocarbon group having 1 through 6 carbon atoms, and an alicydtc saturated hycfa^ocartxxi group 
having 3 through 6 cartx>n atoms; and R*. and R^ are the same or different groups selected from the group consist- 
ing of a hydrogen atom. OR^ (wherein R"^ is a hydrogen atom, a substituent or non-substituted saturated hydrocaitx>n 
group having 1 tfvough 6 carbon atoms, a stbstituent or non-substituted unsaturated hydrocartxm group havfrig 1 
20 through 6 Ceurbon atoms, or an alicycCc saturated hydrocartx>n group having 3 through 6 cartxsn atoms), a substituent 
or non-substituted saturated hydrocartxjn group having 1 through 6 caibon atoms, a substituent or non-substituted 
unsaturated hydrocarbon group having 1 through 6 cartxDn atoms, arxl an aficydic saturated hydrocartwn group having 
3 tfirough 6 carbon atoms; and a fourth step of fornvng a resist pattern out of the resist fim by removing an exposed 
portion of the resist film exposed m the pattern exposure through etcNng of the resist fSm by using the sflylated layer as 
25 a mask. 

In the frst pattern fonnation method, the silylated layer Is formed in the unexposed portion of the resist f Sm by sup- 
plying the silyiation agerrt including the sSane compound represented by the general formula (1) onto the surface of the 
resist film having been sutqected to the pattern exposure. TherefcH-e. no alkali component is generated through the 
silyiation for forming the silylated layer, and a by-product generated tfirough the silyiation is not alkaline. Accordingly 

30 most of the OH groups present in the unexposed portion of the resist film are concerned in the silyiation. As a result, 
the silylated layer tiaving a wklth sutjstantially the same as ttie width of the unexposed portion and a large thickness 
can be formed in the une)qposed portioa When the thus obtained silylated layer is used as a mask in conducting the 
dry etching on the resist film, the pattern shape of the resultant resist pattern can be free froni the degradation and a 
desired pattern width can be attained. 

3? The second pattern formation method of this invention comprises a first step of formbig a resist film coating a 
semfcondudor sttetrate witfi a resist; a second step of conducting pattem exposui-e on the resist film by using a mask 
having a desired pattern shape; a third step of fbrnrting a silylated layer In an unexposed portion of the resist film not 
exposed in the pattem exposwe l>y supplying a silyiation agent iiiclucfing a silane compound represented l5y the follow- 
ing general formula (2) onto a surface of the resist film having been sii^jected to the pattern exposure: 



RVn Sl(OR)^ (2) 



45 wherein n indicates an integer ranging between 1 and 3; R indicates a substituent or non-sutsstituted saturated hydro- 
carbon group having 1 through 6 cartxm atoms, a sukjstituent or non-substituted unsaturated hydrocartx)n group having 
1 tfirough 6 carison atoms or a sii>stituent or nonsutjstituted afkyk:artx>nyl group having 1 through 6 caitxw atoms; and 
R** is one group or a corrbtnation of two or more groups selected from tfie ^oup consisting of a hydrogen atom, a sutH 
stituent or non-substituted saturated hydrocarbon group fiavtng 1 tfirough 6 cartx>n atoms, a siAjstituent or non-sut>sti- 

50 tuted unsaturated hydrocartxxi group having 1 through 6 cartion atoms and an alicydic saturated hydrocaitx)n group 
having 3 through 6 cartxMi atoms; and a fourth step of forming a resist pattern out of tfie resist f Qm by removing an 
exposed portion of the resist film exposed in the pattem exposure ttvough etching of the resist film by using tfie alylated 
layer as a mask. 

In the second pattem formation method, tfie silylated layer is formed in the unexposed portion of tfie resist film by 
55 supplying the silyiation agent induding the silane compound represented by the general formula (2) onto the surface of 
the resist film having been subjected to the pattern exposure. Therefore, no tdkali component is generated through the 
silyiation for forming tfie silylated layer, and a by-product generated through tfie silyiation is not alkaline. Accordingly, 
most of the OH groups present in the unexposed portion of tfie resist film are concerned in the silyiation. As a result. 
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the silylated layer having a width substantiafly the same as the wkJlh of the unexposed portion and a large thickness 
can be formed In the unexposed portion. When the thus obtained silylated layer is used as a mask in conducting the 
dry etching on the resist film, the pattern shape of the resultant resist pattern can be free from the degradation and a 
desired pattern width can be attained. 

5 The thiid pattern formation method of this invention comprises a f irst step of forming a resist f Bm by coating a sem- 

iconductor substrate wHh a resist; a second step of conducting pattern exposure on the resist f flm by using a mask hav- 
ing a. desired pattern shape; a third step of forming a silylated layer in an exposed portion of the resist film exposed In 
the pattern exposure by supplying a silyfat'on agent inclucfing a silane compound represented by the following general 
fomnula (1) onto a surface of the resist fflm having been subjected to the pattern exposure: 

10 



(1) 



20 

wherein , and R^ are the same or different groups selected from the group oonsisling of a hydrogen atom, a sub- 
sUtuenl or non-sUbstituted saturated hydrocart)on group having 1 through 6 cartxm atoms, a subslituent or non-substi- 
tuted unsaturated hydrocartxxi group having 1 through 6 caitx>n atoms, and an aiicydic saturated hydrocartx)n group 

25 having 3 through 6 carbon atoms; and R^, R® and R^ are ttie same or dfforent groups selected from «he group consist- 
ing of a hydrogen atom, OR^ (wherein R^ is a hydrogen atom, a sirtjslituent or non-substituted saturated hydrocartjon 
group having 1 through 6 cart»n atoms, a substituent or nor>-suk)stituted unsaturated hydrocartxxi group having 1 
through 6 cartx>n atoms, or an aBcycOc saturated hydrocaitx>n group tiaving 3 through 6 caftx>n atoms), a sti>stituent 
or non-substituted satuated hydrocartx)n group having 1 through 6 cart)on atoms, a sutsstrtuent or non-sut^stituted 

so unsaturated hydrocartjon group having 1 through 6 caribon atoms, and an alicyclic saturated hydrocartx>n group having 
3 through 6 cartoon atoms; and a fourth step of forming a resist pattern out of tfie resist f am by removing an unexposed 
portion of the resist f Hm not exposed in the pattern exposure through etching of the resist film by using the silylated layer 
as a mask. 

In the third pattern formation method, the silylated layer is formed in the exposed portfon of the resist film by sup- 
35 plying the silytation agent Inclucfing the silane compound represented by the general formula (1 ) onto the surface of the 
resist film having t>een subjected to the pattern exposure. Therefore, no alkali component is generated through the 
silylatfon for forming the silylated layer, and a by-product generated through the silylatfon is not alkaline. Accordingly, 
most of the OH groups present in the exposed portion of the resist f flm are concerned In the silytation. As a result the 
silylated layer having a width substantiaDy the same as the width of the exposed portfon and a large thickness can be 
40 formed in the exposed portion. When the thus obtained silylated layer is used as a mask in conducting the dry etching 
on the resist film, the pattern shape of the resultant resist pattern can t>e free from the degradation and a desired pat- 
tern width can be attaJned. 

The fourth pattern formation method of this invention comprises a first step of forming a resist film by coating a sem- 
iconductor substrate with a resist; a second step of conducting pattern exposure on tiie resist film by using a mask hav- 
45 Ing a desired pattern shape; a third step of forming a silylated layer in an exposed portfon of the resist film exposed in 
the pattern exposure by supplying a silytation agent including a silane compound represented by the following general 
formula (2) onto a surface of the resist film having been 6ut)jected to the pattern exposure: 

so RVn Si(OR)„ ... (2) 



wherein n indicates an integer ranging between 1 and 3; R indicates a substituent or non-sut)stituted saturated hydro- 
caJlx>n group having 1 through 6 carbon atoms, a substituent or non-sut>stituted unsaturated hydrocaitx>n group having 
55 1 through 6 carlx>n atoms or a suljstituent or non-substituted alkytcartx>nyt group having 1 through 6 cartx)n atoms; and 
R^ is one group or a combination of two or more groups selected from the group consisting of a hydrogen atom, a sub- 
stituent or non-substituted saturated hydrocarbon group having 1 through 6 cartx)n atoms, a substituent or non-substi- 
tuted unsaturated hydrocart>on group having 1 through 6 cartxm atoms and an alfoyclic saturated hydrocartx>n group 
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having 3 through 6 carbon atoms; and a fourth step of fornrvng a resist pattern out of the resist film by removing an unex- 
posed portion of the resist film not exposed in the pattern exposure through etching of the resist film by using the 
silylated layer as a mask. 

In the fourth pattern formation method, the silylated layer Is formed in the exposed portion of the resist film by sup- 
5 plying the silylation agent including the s9ane compound represented by the general formula (2) onto the surface of the 
resist film having been std^jected to the pattern exposure. Therefore, no alkali component is generated through the 
sOytation for forming the silylated layer, and a by^oduct generated through the sHylation is not alkaline. Accordingly, 
most of the OH groi^ present in the exposed portion of the resist film are concerned in the silytatk>n. As a result, the 
silylated layer having a width 6U>stantially the same as the width erf the exposed portion and a large thickness can be 
10 formed In the exposed portion. Wh&i the thus obtained silylated layer is used as a mask in conducting the dry etching 
on the resist film, the pattern shape of the resultant res'st pattern can be free from the degradation and a desired pat- 
tern width can be attained. 

In the first or second pattern fewmation method, when a chemtcaily amplified resist including an add generator, an 
alkalt-solut)le resin and a compound or resin that is crossrinked by a function of an acid is used as the resist It is pos- 
15 sible to obtain a resist patterri of the chemkaUy amplified resist free from the degradation of the pattern shape. 

In the third or fourth pattern formation method, when a chemically ampfflied resist including an add generator and 
a resin that Is changed to t>e alkali-sohMe by a function of an add is used as tfie resist used In the first step, it is pos- 
sible to otitain a resist pattern of the chemically amplified resist free from the degradation of the pattern sfiape. 

In the third or fourth pattern formation method, when a chemically amplified resist inducfing an add g^erator, an 
so a]kali-solut)le resin arxl a compound or resin tfiat is changed to be alkali-soluble by a function of an add is used as the 
resist, it is possible to obtain a resist pattern of the chenvcally amplified resist free from the degradation of the pattern 
shapa 

. In ihe tfiird or fourth pattern formatfon method, when a general resist including a naphthoquinone diazido com- 
pound and a novolak resin is used as the resist, it is possible to obtain a resist pattem of the general resist free from 
25 the degradatbn of the pattern shape. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 (a) tlvough 1 (d) are sectfonal views for showing procedures in a pattem formation method according to a 
30 first embodiment of the invention; 

Figures 2(a) through 2(d) are sectional views for showing procedures in a pattem formation method according to a 
modification of the first embodiment: 

Figures 3(a) through 3(c) are sectional views for showing procedures in a pattem formation mettKXl according to a 
secorxl entxxiiment of the inventfon; 
35 Figures 4(a) and 4(b) are sectional views for showing otfier procedures in the pattern fbrnnation metiiod of the sec- 
ond embodiment; 

Figures 5(a) through 5(c) are sectional views for showing jxocedures in a pattern formation method according to a 
modification of the second embodiment: 

Figures 6(a) and 6(b) are sectional views for showing other procedures in the pattern formation method according 
40 to the modification of the second errbodtment; and 

Figures 7(a) through 7(d) are sectional views for showing procedures in a conventional pattern formation method. 

DETAILED DESCRIPTION OF THE INVENTION 

45 EMBODIMENT 1 

A pattem formation method according to a first embodiment of the Invention wH now be described with reference 
to Rgures 1 (a) through 1 (d). 

First a resist film 12 with a thickness of 0.7 jim is formed by coating a semiconductor siijstrate 1 1 with a resist 
so (such as SAL-601 ; manufactured by Shipley Far East Company) as is shown in Figure 1 (a). Then, as is shown in Figure 
1 (b), pattem exposure is conducted by n'radiating the resist f Urn 1 2 with ArF exdmer laser 1 4 with an ArF exdmer expo- 
sure machine (having NA of 0.55) by using a mask 13 having a desired pattern shape. 

In an exposed portfon 12a of the resist film 12 exposed in the pattem exposure, crosslinkage is caused as is rep- 
resented by the aforementioned chembal formula 2. 
55 Next, the semiconductor substrate 11 is heated to a temperature of approximately 100*»C. and asilylation agent 15 
of 4-dimettiylsitoxy-3-penten-2-one which has been put in a gas phase ttvough IxilDbling with-a nitrogen gas is supplied 
onto the surface of the resist fOm 12 for approximately 90 seconds as is shown in Figure 1 (c). 

In this manner, in an unexposed portion 12b of the resist f im 12, silylation between OH groups of the resist f Om 12 
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IS 



20 



30 



35 



and dimethylsilyl groups of 4<imethylsilox/-3-penten-2-one is caused as is represented by the following chemical for- 
mula 6, resulting in forming a silylated layer 16 with a large width and a large thickness. On the other hand, in the 
exposed portion 12a of the resist film 12, the silylated layer 6 is not formed because the molecular weight of a resin 
included in the resist has been so increased through the crosslinkage that the silylation between the OH groups and the 
silyl groups is scarcely caused. In the following chemical formula 6, R indcates the resin included in the resist: 

[Chemical formula 61 



CJL - Si - 0 - C 

j!j C - H + ROH 

0 = C 

^CH3 

(4-diiDethylsilony-'3-penten-2-one) 



^ (silylation) 



CH3 0 0 

CH3 — Si — OR + CH3 — C - CHj- C — CH3 
H 

(silylated layer) (by-product) 



40 As is shown in the chemical formula 6. H in the OH groups present m the unexposed portion 1 2b of the resist f Pm 
12 is sutrstituted with Si(CH3)2 (a dimethylsilyt group) with GhbCOCHeCXXJhb (acetyiacetone) generated as a ty-prod- 
uct. 

Next, by using the silylated layer I6,as a mask, dry etching is conducted on the resist film 12 with a dry developer 
(such as TCP9400: manufactured by LAM research). Thus, the exposed portion 12a of the resist f im 1 2 is removed as 

45 is shown in Figure 1(cl). tha-eby forming a positive resist pattern 17 in the unexposed portion 12b of tiie resist film 12. 

In the first emkx>diment. since 4-dimetfiylsiloxy-3-penten-2-one is used as the silylation agent, no alkali component 
is generated through the silylatfon. and the by-product is not alkaline. Therefore, most of the OH groups present in the 
unexposed portion 12b of the resist film 12 where the crosslinkage is not caused are concerned in the silylation. As a 
result, the silylated layer 1 6 with a large width and a large thickness can be formed in the unexposed portion 1 2b as is 

so shown in Figure 1 (c). Accordingly, when the resist film 12 is dry etched by using this silylated layer 16 as a masK the 
resist pattern 1 7 can be free from the degradation in the pattern shape and attain a desired pattern width (0.20 }im) and 
a rectangular section as is shown In Figure 1(d). 

The first emtxxiiment is widely applicable to resists in wNch crosslinkage can be caused in an exposed portion 
through the pattern exposure. It is noted that the irradiation with the ArF exdmer laser can cause the crosslinkage tn an 

55 exposed portion of any of resist materials including a cross linking agent and those not including a cross linking agent. 
In contrast eradiation with KrF exdmer laser causes ttie crc^linkage in a resist material including a,cross BnWng agent 
but does not cause the crosslinkage in some of resist materials noi including a cross linking agent The above- 
descrit>ed SAL-601 manufactured by Shipley Far East Ckxnpany is a resist material including a cross linking agent 
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MODIFICATION OF EMBODIMENT 1 

In the first embodiment the pattern exposure is conducted by irradiating the resist film 1 2 with the ArF exctmer laser 
14 through the mask 13 having a desired pattern shape. Instead, the pattern exposure can be conducted on the resist 
5 film 1 2 without using the mask 1 3. This method will now be described with reference to Figures 2(a) through 2(d). 

First, a resist fim 12 is formed by coating a semiconductor sutsstrate 1 1 with a similar resist to tfiat used in the first 
embodiment as is shown in Figure 2(a}. Then, as is shown in Figure 2(1>), the resist.f ilm 1 2 ts exposed to electron beams 
18 in a desired pattern shape in vacuum (1 x 10'^ Torr). Instead of Itie pattern exposure using the electron beams 18. 
the pattern exposure can be conducted by using extreme UV fight (light wth a wavelength of a 1 3 nm band or light with 
to a wavelength of a 5 nm t>and), ion t>eams or the like in vacuum (for example. 1x10*® through 1x10*® Ton^). In this man- 
ner, the crosslinkage is caused in an exposed portion 12a of the resist pattern 1 2 exposed in the pattern exposure. 

Next the semiconductor sut>strate 1 1 is heated to a temperature of approximately lOC'C. and a silylation agent 15 
in a gas phase is SMpplted onto the surface of the resist film 12 as is shown in figure 2(c). fai this manner, a silylated 
layer 16 with a large wklth arxl a large thickness is formed through the silylation in an unexposed portion 12b of the 
15 resist film 1 2. and the silylated layer 1 6 is not formed in the exposed portion 1 2a of the resist film 1 2 where the silylation 
is scarcely caused. 

Then, the resist film 1 2 is dry etched by using the silylated layer 1 6 as a mask, thereby removing the exposed por- 
tion 12a of the resist fflm 12 as is shown in Rgure 2(cO. As a result, a positive resist pattern 17 is formed in the unex- 
posed portion 1 2b of the resist fim 1 2. 

so 

EMBODIMENT 2 

A pattern formation method according to a second embodiment of the invention will now be described with refer- 
ence to Figures 3(a) through 3(c). 4(a) and 4(b). 
ss First a resist fSm 22 with a thickness of 0.7 jim is formed by coating a semiconductor substrate 21 with a resist 
(such as PLASMASK305U; manufactured by UCB) as is shown in Rgure 3(a). Then, as is shown in Figure 3(b). the 
pattern exposure ts conducted tiy irradiating the resist film 22 with KrF exctmer laser 24 with a KrF exdmer exposure 
machine (having NA of 0.55) by using a mask 23 having a desired pattern shape. 

Next the semiconductor substrate 21 is subjected to baking 25 for 120 seconds at a temperature of lyS'^C as is 
30 shown in Figure 3(c). 

In this manner, crosslinkage is caused by the heat in an unexposed portion 22b of the resist film 22, and in an 
exposed portfon 22a of tlie resist film 22, the crosslinkage due to the heat is scarcely caused because a naphthoqui- 
none diazido conpourvl included in the resist is decorrposed to generate cartKocyiic acki. 

Then, the senruconductor substrate 21 is heated to a temperature of approximately lOO^'C. and a silylation agent 26 

as of 4-dimethylsifoxy-3-penten-2-one which has been put in a gas phase through bubtriing with a nitrogen gas is supplied 
onto the surface of the resist film 22 for 90 seconds as is shown in Rgure 4(a). In this manner, in the exposed portion 
22a of the resist film 22. the sllylatkxi between OH groups of the resist f Bm 22 and dimethytsilyl groups of 4-dimethy1si- 
lQxy-3-penten-2-one is caused as is represerrted by the aforementioned chemical formula 6. resuWng in forming a 
silylated layer 27 with a large width and a large thickness. On the ottier hand, in the unexposed portion 22b of tiie resist 

40 film 22, the silylated layer 27 is not formed because the molecular weigtit of a resin included in tfie resist hias been so 
increased through the aossfinkage tfiat the silylation between ttie OH groups and the silyl groups is scarcely caused. 

Next the resist film 22 is dry etched by using the silylated layer 27 as a mask with a dry developer (for example. 
TCP9400; manufactured by LAM research), thereby removing the unexposed portion 22b of the resist film 22 as is 
shown in Rgure 4(b). As a result, a negative resist pattern 28 is formed in the exposed portion 22a of the resist f ihti 22. 

45 In the second embodiment, since 4-dimethytsiloxy-3-penten-2'One is used as the silylatfon agent no alkali compo- 
nent is generated tfirough the silylation. and the by-product is not alkaline. Ther^ore. most of OH groups present in the 
exposed portion 22a of the resist film 22 where the crosslinkage is scarcely caused are concerned in the silylation. and 
hence, the silylated layer 27 witti a large width and a large thickness can be formed in the exposed portion 22a as is 
shown in Figure 4(a). Accordingly, when the resist f am 22 is dry etched by using this silylateid layer 27 as a mask, the 

so resist pattern 28 can be free from the degradation in the pattern shape and attain a desired pattern width (0.20 pm) and 
a rectangular section as is sfK9wn in Figure 4(b). 

In the second errfoodiment any resist in whfoh the aosslinkage can be caused k>y heat without the pattern expo- 
sure, such as a resist including a naptithoquinone diazido compound and a novolak resin, can l>e used. When such a 
resist is used, tfie naphthoquinone cfiazido compound is decomposed to generate carboxylic acid in tfie exposed por- 

55 tion, and the decomposition of the naphthoquinone diazkfo compound is regarded to improve the reactivity of OH 
groups of the novolak resin in the silylation. ' . 
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MODIFICATION OF EMBODIMENT 2 

In the second ennbodiment the pattern exposure is conducted by irradiating the resist film 22 with the ArF exctmer 
laser 24 by using the mask 23 having a desired pattern shape. Instead, the pattern exposure can be conducted on the 
5 resist film 22 without using the mask 23. This method will now be described with reference to Rgures 5(a) through 5(c), 
6(a) and 6(b). 

First a resist film 22 is formed by coating a semiconductor substrate 21 with a similar resist to that used in the sec- 
ond enrtxxiiment as is shown in Figure 5(a). Then, the resist film 22 is exposed to electron beams 29 in a desired pat- 
tern shape in vacuum (1 x 10'^ Torr) as is shown in Figure 5(b). Instead of the pattern exposure using the electron 

10 beams 29, the pattern exposure can be conducted by using extreme UV light (light with a wavelength of a 13 nm band 
or light with a wavelength of a 5 nm band), ion beams or the Gke in vacuum (for example. 1x10"* throu^ 1x10'® Torr). 

Next as is shown in Figure 5(c). the semiconductor sutjstrate 21 is subjected to baking 25 for 120 seconds at a . 
temperature of 175*C. In this manner, in an unexposed portion 22b of the resist film 22, the crossHnkage is caused tDy 
the heat, and in an exposed portion 22a of the resist film 22. the crossiinkage is scarcely caused by the heat 

IS Then, the semiconductor sut)strate 21 is heated to a temperature of approximately 1 0CT C, and a sitylation agent 26 
in a gas phase is sqaplied onto the surface of the resist film 22 as is shown in Rgure 6(a). In this manner, in the exposed 
portion 22a of the resist fam 22. the silylattoniscaiJsedsoastoformasilylatedlayer27withalargewkAhan^ 
thickness, and in the unexix>sed portion 22b of the resist film 22. the silytsded layer 27 is not formed because the sityla- 
tion is scarcely caused. 

so Next the resist film 22 is dry etched by using the sitytated layer 27 as a masK therekjy removing the unexposed 
portion 22b of the resist film 22 as is shown in Figure 6(b). As a result a negative resist pattern 28 is formed in the 
exposed portion 22a of the resist film 22. 

In the first and second embodiments, 4-dimethylsiloxy-3-|penten-2-one is used as the silytation agent but the silyta- 
tion agent is not rimHed to this. Specificatly. any silyiatkxi agent including a silane compound represented by the fbOow- 

2S tng general formula (1) can be used: 



(1) 



wherein R\ and are the same or different groups selected from the group consisting of a hydrogen atom, a sul>- 
40 stituent or non-sUbstituted saturated hydrocarbon group having 1 through 6 cartoon atoms, a SL4>stituent or non-sul)Sti- 
tuted unsaturated hydrocaitxxi group having 1 through 6 carbon atoms, and an allcydic saturated hydrocarlDon group 
having 3 through 6 carbon atoms; and R^. R^ and R^ are the same or drtferent groups selected from the groMp consist- 
ing of a hydrogen atom. OR^ (wherein R^ is a hydrogen atom, a sul)slituent or non-substituted saturated hydrocaibon 
group having 1 through 6 carlaon atoms, a sdbstituent or non-substituted unsaturated hydrocait^on group having 1 
4S through 6 cartxm atoms, or an aficydic saturated hydrocartx>n group having 3 through 6 carbon atoms), a substituent 
or non-substituted saturated hydrocartx>n group having 1 through 6 caribon atoms, a sut>stituent or rnxi-substituted 
unsaturated hydrocaibon group having 1 through 6 cartxxi atoms, and an aficyclk: saturated hydrocart)on group having 
3 through 6 carbon atoms. 

First examples of the silane compound represented by the general formula (1) include: 

so 



30 



35 



I 

•Si 
I 

R3 



R»— Si - 0 — C 



0 = C 



C— R5 



R« 



55 
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[Chemical formula 7] 



H 

(a) CH, = CH - Si - 0 - C 

I ^ 



CH3 



CH 



CF3 



H 

(b) (Wj-Si-o-c^ 

CH 

0 = c 

"CF, 



I /CF3 



(c) CFj - CFCH2CH2 — Si — 0 — C ^ 

CH3 ^ 
0 = C 



CH 



CF3 



" ^ CCI3 



(d) NC- CHjCHj - Si - 0 — C ^ 

CH3 / 
0 = C 



CH 



CCI3 
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[Chemical formula 81 



(e) O-si-o-c 
^ 0 = c 



CH3 



(f) 



H 
I 



CHj-Si-O-C 



CH, 



0 = C. 



.CH3 

:cH 



OCH, 



(g) 



H 

CH,-Si-0 



C 



CH-CH2 

CH3 



• P 

(h) CH3-Si-0-C^ ^ 

CH3 
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[Chemical fozraula 91 



(i) CHj-Si-O-C 



CH3 



^ 0-C 

CH3 



CH3 



CH- H 

(j) CHg-C-Si-O-C 

CFL CH, ^CH 

"CH3 



(k) 



CH3^ V ^ CH, 

\CH-Si-0-C ^ 

^ o=c 



CH 
OCH3 



In the chemical formulas 7 throuc^ 9. (a) Indicates 3-methyh«nyfeiloxytiifluoromethyl-2iDropen-1'trifluoro^ 
one; (b) indBcates 3-diethylsfloxytiifluoromethyl-2-propen-l-trifluorome1hyl-1-c^ (c) indicates 3-methyl{3',4*,4'-trif- 
Iuoro-3*4xiteny0sitoxytrinuoromethyl-2i3ropen-1-trifluoromethyl-1<)ne; (d) incficates 3-methyi(2'-cyanoe- 
thyOsiioxytnchlorom€^-2ixopen-1-tr1chtorometh^^ (e) indicates 4'methylcyclohe)^lsiloxy'3-penten-2-one; (Q 
Indicates 2-dimethylsiio)^-1-methoxycart)onyl-1-propene; (g) incficates 4<rimethylsiloxy-3,5-hexadien-2-one: (h) indi- 
cates 4-dtmethyl$noxy-4-cycIohexyl'3'buten-2-one: 0) indicates 4-d(mettTylsiloxy-3-methyl-3*penten-2-one; 01 indicates 
4-t-butytmethytsiioKy-3-penten-2-one; and (k) indicates 2-isopropy!methylsiloxy-lHnethoxycar1xxiyt*1-propene. 

Second examples of the sllane compound represented by the general fornvla (1) include: 
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[Chemical formula 10] 



(1) CH2 = CH - Si - 0 - C 



CH3 

0 = c 



(m) (C2Hs)3- Si- 0 - C 

^CH 

0 = c 



CF3 



cF 

Cn) CF2 = CFCH2CH2 — Si — 0 — c 

CH3 

0 = c 



CCl 

(o) NC--CH2CH2- Si - 0 - C 

0 = c 

^CCl3 
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[ Chemlc2Q. formula II] 



1^ 

(p) G-Si-o-c 

0 = C 



9^3 XH3 



(q) CHj-Si-O-C 



OCH3 



CH3 

(r) CH3-si-o-c; 



CH3 



o=c; 



CH=CH2 

:cH 
CH3 



(s) 



CH, 



CH3-Si-0-C^ 



P 



CH, 



0 = C, 



:cH 



CH3 
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{ Chemical formula 12] 



CH, 



CH, 



(t) cHj-si-o-c;^ 

OL /C-CH3 
^0 = C^ 

CH3 



(u) CH3- 



CH- CH, 

C - Si-O-C 
I I 

CH, CH, . 
^ ^0 = C 



CH3 
XH 
CH3 



, , CH,^ ^"3 
(v) CH- Si-O-C' 

CH,^ ' 

CH, 
^0 = C. 



CH3 
ICH 
OCH3 



In the chemical formulas 10 through 12, (1) indicates 3<iimethylwnylsaoxytrifluoronriethyl-2iWopen-1-trHluoroi^ 
thyH-one; (m) Indicates 3-trie1hylsflOKytrifluorome*hyl-2-propen-1-trifluoromethyl-1^ (n) indicates 3-dime- 
tM(3\4\4*^rifluoro-3*^Dutenyl)siloxytrifluoromethyl*2-^ (o) indicates 3-dimethyl(2'- 

cyarK>^hyOsiloxytrichIoromethyl-2i3ropen-1-trichl^ one; (p) Indicates 4-dimethylcydohe)(y!siloxy-3-penten- 

2-one; (q) indicates 2-trimethylsiloxy-1-methoxycait)onyH-propene: (r) indicates 4-trimethylsik)xy-3.5-hexadien-2-one; 
(s) Indicates 4-trimethylsila)cy-4-cyclohexyl-34)uten-2-one: (0 indicates 4-trimethylslloxy-3-methyl-3-penlen-2-one; (u) 
indicates 4-t-butyldimethytsiloxy-3-penten-2one: and (v) indicates 24sopropyldimethylsilO(xy-1-nrieth€»ycartx)n^ 
pane. 

Furthermore, as the sitytation agent used in the fffst and second entbodiments. any silylation agent including a 
silane compound represented lay the following general fonmula (2) can be used: 
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r\.„ Si(OR)„ (2) 



5 

wherein n indicates an integer ranging between 1 and 3; R indicates a substituent or non-substituted saturated hydro- 
carbon group having 1 through 6 caftx>n atoms, a substituent or non-substituted unsaturated hydrocartxxi group having 
1 through 6 carixm aioms or a substituent or non-^ubstHuted aD^ylcarbonyl groip having 1 through 6 cartxTn atoms; and 
R** Is one group or a comt>ination of two or more groups selected from the group consisting of a hydrogen atom, a sub- 
to stituent or non-substituted saturated hydrocaibon group having 1 through 6 cai1x>n atoms, a sut^stituent or non-sut>sti- 
tuted unsaturated hydrocarlxxi group having 1 through 6 cart>on atoms and an aficydic saturated hydrocaibon group 
having 3 through 6 cartxm atoms. 

Specific examples of the siiane compound represented by the general formula (2) include compounds represented 
by the following chemical formulas 1 3 through 23: 

IS 

[Chemical formula 13] 



20 



H CH3 HO 

,11 I II 

(CH3)2SiOC = CH2 (CH3) SiOCCH 



3 



CH3 CH3O 
I I 11 



3S 



HSiOCH = CH, HSiOCCF, 
CH3 CH3 



« H CH3 HO 

11 I II 

(CH3CH2)2SiOC = CH2 (CH3CH2)2SiOCCH2CH, 

45 



3 



ss 



H H 
{J- SiOCH = CH2 CHj = CH - SiOCCHg 

CH3 CH3 0 
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(Chemical formula 141 

F CIL 0 

F\ I I ' II 

^C.= CCH^CHj- Si - 0 - CCH3 

H 



H CH, 
I I ' 

(CH3CH2CH2) (CH3) Si - 0 - C = CH2 



CH, CH, 
CF3CF2CF2CH2CH2 - Si - 0 - C = CH2 
H 



H CH, 
I I 

(CH3CH2CH2CH2CH2CH2) (CH3) Si - 0 - C = CH2 



10 



IS 



20 



35 



40 



SO 



CH3 



NCCHjCftj- Si - OCH3 
H 



H H 

« I I 

(CH3) 2 SiO - CH3 (CH3) 2 SiOCHjCF 



3 



H 
I 

(CHj)^ SiO- CH2CH3 
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[Chemical formula 15] 



10 



H 

I 



(CH3)Si(0CH2CF3)2 



CH- CH, 
I I 

CHj = CH- Si- 0 - C = CHj 

H 



»5 



H 
I 



(CH3)Si(0CH3)2 



H 



(CH3CH2)Si(0CH2CH3)2 



so 



[Chemical formula 16] 



30 



H 
I 



CHgSiCOCHj), 



H 
I 



CH3Si(0CH2CH3), 



40 



H CH, H CH, 

CHg = CH - Si (0 - C =CH2)2 CHjCH^ - Si (0 - C = CH2)2 



so 
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[Chemical formuXa 171 



CH3 

(CH3CH2CH2) (CH3) Si - 0 - C = CH2 
H 



H CH 
I I 

(CHjCHgCHjeHjCHjCHg) (CH3) Si - 0 - C 



CH, CH, 
I ' I 
CH3CH = CH - Si- 0 - C = CHj 

H 



CH3CH2CH2-Si(0CH3)2 
H 



CH3CH2CH2CH2CH2CH2Si (OCH3) ^ 
H 
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[Chemical formula 18] 



CH3 



(CHgCHjCHj) (CH3) Si - 0 — C 
H 



(CH3CH2CH2CH2CH2CH2) (CH3) Si - 0 

H 



(CH3)2SiOCH2CF3 
H 



CH3Si(0CH2CF3)2 
H 



CH3 CH3 
CH2 = CH- Si- 0 - C = CH2 
H 



CH3 

CH2= CH - Si (0 - C = CHPj 
H 



CH, 
I 

CH3CH2-Si(0-C = CH2)2 
H 
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[Ctiemlcal foirmula 19] 



F CH, 0 

= CCHjCHj- Si - 0 - CCHj 
^ CH3 



CH3 

(CH3CH2CH2) (^3)2 Si - 0 - C = CHj 



CH3 CH3 
CF3CF2CF2CH2CH2 - Si - 0 - C = CHj 
CH3 

CH, 
I ' 

(CH3CH2CH2CH2CH2CH2) (CH3)2 Si - 0 - C = CHj 



CH3 

NCCHjCEj - Si — OCH3 
CH3 



(CH3) 3 SiO - CH3 (CH3) 3 SiOCH2CF3 



(CH3)3SiO- CH2CH3 
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(Chemical formula 20] 



(CH3)2Si(0CH2CF3)2 



CH, CFL 
CH2= CH - Si(0C = CH2). 



(CH3)2Si(0CH3), 



(CH3CH2)2Si(0eH2CH3), 



fCliemloal foxmuXa 21] 



CHjSiCOCHg). 



CHjSiCOCH^CHj). 



CH3 



CH2= CH - Si(0 - C =CH2)3 CH3CH2 - Si(0 - C =CH2), 
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[Chemical formula 22] 

CH3 

(CHjCHjCHj) (CHj)^ Si - 0 - C = 

(CHjCH^CHjCH^CHgCH^) (CHg)^ Si - 

CH- CK. 
I ' I ^ 

CHaCH = CH - Si(OC ^CH^)^ 

(CH3CH2CH2)2Si(0CH3)2 
CH3CH2CH2CH2CH2CH2Si (OCH3) 3 
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[Chemical formula 23] 

CH- 
I 

(CH3CH2CH2) (CHa)^ Si - 0 - C = CH3 

CH3 

(CH3CH2CH2CH2CH2CH2) (CH^)^ Si - 0 - C = CHj 

(CH3)3SiOCH2CF3 

(CH3)2Si(0CH2CF3)2 



CH, CH- 
I I 

CHj = CH - Si (OC = 01^)2 



CH3 

CH2 = CH - Si (0 - C = CH2)3 



CH, 



CH3CH2- Si(0 -C =CH2)3 



Example of the resist tliat can be used in the first entedintent includes afirst type three-component system chem- 
ically airplif ied resist 'mducfing an acid generator, an akali-eolutjle resin and a compound or resin that is crossHniud by 
a function of an acid. 

Exarrples of the resist that can be used in the second entxxliment include a general resist including a naphthoqui- 
none diazido compound and a novolak resin; a two-component system chemically amplified resist including an acid 
generator and a resin4hat is changed to be alkali-sofutsle tof a function of an' acid; a second type three-component sys- 
tem chemically amplified resist including an acid generator, an all^ali-solUble resin arxl a compound or resin that is 
dianged to be alkaG-soUUe by a function of an add. 
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An example of the commercially available two-component system chemically amplified resist includes TDUR- 
DP007 manufactured by Tokyo Ohka Kogyo Co., Ltd. examples of the first type three-component system chemically 
amplified resist include XP-8843 and SAL-601 manufactured by Shipley Company, and examples of the commercially 
avaOable second type three-component system chemically amplified resist Include DX561 and DX981 manufactured 
dariant Japan Ltd. 

Examples of the components of the chenvcaRy amplified resists will now be described, and it is noted that these 
exen^ifted components do not limit the inventioa 

(Two-component system chemically amplified resist) 

Resin that is (tonged to be alkali-soluble by a furKtion of an acid: 

poly(t-butoxycarbonyloxystyrene-co-hydrQxystyrene) 
poly(t-butoxycartK)nylmethyloxystyrene-co-hydroxystyrene) 
poly{tetrahydropyranyloxystyrene-co-hycft'oxystyrene) 
poly(2--methyf-2-adaiTiaritylmethacrylate-co-3-oxDcyd 

Acid generator: 

Onkim salt nitrobenzyl sulfonate 

{ First type three-component system chen^cally ampTif led resist > 

Alkali-soluble resin: 

polyvinylphenol. polymethacrylk: acid 

Compound or resin that is crosslinked by a function of an acid: 

melamine compourxl, melannine resin 

- Acid generator: 

Onium sdit nitrobenzyl sulfonate 

( Second type three-conrtponent system chemically amplified resist) 

Atkali-soM>le resin: 

polyvinylphenol, polymettracrylic add 

Resin or compound that is changed to be aIkali-soiut3le by a function of an add: 

poly{t-butoxycartx)nylQxystyrene-co-hydrQxystyrene) 

poly(t-bijrtQxycartx>nylmetlTytoxystyrene-co-hydroxystyrene) 

poly(tetrahydropyranyloxystyrene>co-hydroxystyrene) 
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(CH3)3C — 0 - C - 0 -®-<@- 0 - C - 0 - CCCHj). 

II II 
0 0 




CH3 - C - CH3 





Add generator: 

Ontum salt nitrobenzyl sulfonate 

Claims 

1 . A pattern formation method comprising: 

a first step of forming a resist film by coating a serWcorxluctor sutistrate with a resist; 
a second step of conducting pattern exposure on said resist film; 

a third step of forn^ng a sSylated layer in an unexposed portion of said resist film not exposed in the pattern 
exposure by supplying a siiylation agent including a silane compound represented by the following general for- 
mula (1) onto a surface of said resist film having been subjected to the pattern exposure: 



R2 

I 

R»-Si 
I 



- 0 



0 = C 



R5 



R« 



(1) 
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wherein R'' , and R^ are the sanne or different groups selected from the group consisting of a hydrogen atom, 
a substituent or non-substituted saturated hydrocart>on group having 1 through 6 carbon atoms, a substituent 
or non-substrtuted unsaturated hydrocartion group having 1 through 6 cattson atoms, and an alicyclic saturated 
hydrocartx>n group having 3 through 6 cartx>n atoms; and R^. and are the same or different groips 
selected from the grotp consisting of a hydrogen atom. OR^ (wherein R^ is a hydrogen atom, a substituent or 
non-sut^stituted saturated hydrocai1x)n group having 1 through 6 carbon atoms, a sU>stituent or non-sutisti- 
tuted unsaturated hydrocar1x>n group having 1 through 6 cartx)n atoms, or an alicyclic saturated hydrocartx)n 
group having 3 through 6 carbon atoms), a substituent or non-substituted saturated hydrocart>on group having 
1 through 6 cartoon atoms, a substituent or non-sU>stituted unsaturated hydrocarbon group having 1 through 
'6 cartxm atoms, and an aTicycGc saturated hydrocarixm group having 3 through 6 caitx>n atoms; and 
a fourth step of forming a resist pattern out of said resist film by removing an exposed portion of said resist film 
exposed In the pattern exposure through etching of said resist flm by using said silylated layer as a mask. 

The pattern formation method of Claim 1 , 

wherein said resist used in said first step is a chemically amplified resist including an add generator, an 
alkali-solut^le resin aixl a compound or resin that is crosslinked t>y a function of an acid. 

A pattern fonnation method comprising: 

a first step of forming a resist film by coating a semiconductor substrate with a resist; 
a second step of conducting pattern exposure on said resist f flm; 

a third step of forming a silylated layer in an unexposed portion of said resist f3m not exposed in the pattern 
exposure t>y supplying a silylation agent irx;luding a silane corrpound represented by the following general for- 
mula (2) onto a surface off said resist film having been subjected to the pattern exposure: 

R^4^Si(OR)„ (2) 

wherein n indicates an integer ranging between 1 and 3; R indicates a sut>stituent or non-sUt>stituted saturated 
hydrocartx)n group having 1 through 6 carbon atoms, a substituent or non-substituted unsaturated hydrocar- 
t>on group having 1 through 6 cartx>n atoms or a sutsstttuent or norvsubstituted alkylcartx)nyt group having 1 
through 6 caitx^n atoms; and R^ is one group or a combination of two or more groups selected from the group 
consisting of a hydrogen atom, a sut>stttuent or non-sut^ituted saturated hydrocart>on groip having 1 through 
6 carbon atoms, a substituent or non-substituted unsaturated hydrocaft)on group having 1 through 6 casbon 
atoms and an aticydic satur£ited tiydrocarbon group having 3 through 6 cartx>n atoms; and 
a fourth step of forrrung a resist pattern out of said resist film by removing an exposed portion of said resist film 
exposed in the pattern exposure through etcNng of said resist flm by using said silylated layer as a mask. 

The pattern formation mettiod of Claim 3. 

wherein said resist used in said first step is a chemicaQy amp&f ied resist induding an add generator, an 
alkali-soluble resin and a compound or resin tliat is crosstinked l>y a function of an acid. 

A pattern formation method comprising: 

a first step of forming a resist f flm by coating a semicondudor substrate with a resist; 
a second step of conduding pattern exposure on said resist fflm; 

a third step of forming a silylated layer in an exposed portion of said resist fflm exposed in the pattern e)9X>sure 
by supplying a sflylation agent induding a silane compound represented by the fblkiwing general formula (1) 
onto a surface of said resist film having been subjected to the pattern exposure: 



29 



EP0889 367A1 



(1) 



wherein R^, and R^ are the same or different groups selected from the group consisting of a hydrogen atom, 
a substituent or non-sufc>stituted saturated hydrocartxxi group having 1 through 6 caribon atoms, a sut>stituent 
or non-sutyslituted unsaturated hydrocaitXMi group having 1 through 6 cart>on atoms, and an alicycfic saturated 
hydrocartx)n groijp having 3 through 6 cart>on atonns; arKi R^. R^ and R^ are the same or different grotfps 
selected from the group condsSng of a hydrog^ atom. OR^ (wtierein R^ is a hydrogen atom, a substituent or 
non-substituted saturated hydrocarbon group having 1 through 6 carbon atoms, a sut>stituent or non-substi- 
tuted unsaturated hydrocarbon group having 1 through 6 carton atoms, or an alicydic saturated hydrocait>on 
groi4) having 3 through 6 cartxxi atoms), a sufc>stituent or non-sut>stjtuted saturated hydrocartx)n group having 
1 through 6 cartDon atoms, a sul>stituem or non-substituted unsaturated hydrocartx>n group having 1 through 
6 caftx>n atoms, and an aficydic saturated hydrocartx>n group having 3 through 6 cartxxi atoms; and 
a fourth step of forming a resist pattern out of said resist film by removing an unexposed portion of said resist 
film not exposed in the pattern exposure4hrough etdiing of said resist film by using said silylated layer as a 
mask. 

The pattem formation method of Claim 5, 

wherein said resist used in said first step is a chemically ampnfied resist including an add generator and a 
resin ttiat is changed to be alkati-soluble tiy a function of an add. 

The pattem formation method of Claim 5. wherein said resist used in said first step Is a 

chemically amplified resist including an acid generator, an alkali-soluble resin and a compound or resin that 
is changed tot)e alkali*solii3leby afunctkm of an add. 

The pattern formation method of Claim 5, 

wherein sakl resist used in said first step indudes a naphthoquinone diazldo compourxi.and a novolak resin. 

A pattem formation method corrprising: 

a first step of forming a resist film by coatkig a senvconductor substrate with a resist; 
a second step of conducting pattem exposure on saki resist film; 

a third step of fornvng a silylated layer in an exposed portion of said resist film exposed in the pattem exposure 
by supplying a dlylation agent induding a silane compound represented by the folk>wing general formula (2) 
onto a surface of sakJ resist film having been subjected to the pattem exposure: 

rV-„SI(OR)„ (2) 

wherein n indicates an integer ranging between 1 and 3; R indrcates a sii^tituent or non-sut>stituted saturated 
hydrocariaon group fiaving 1 through 6 caiton atoms, a sufc>stituent or non-sut>stituted unsaturated hydrocar- 
lx>n group having 1 through 6 cartx)n atoms or a substituent or non-substituted allcylcarbonyl group tiaving 1 
through 6 cartxxi atoms; and is one group or a combination of two or more groups selected from the group 
consisting of a hydrogen atom, a substituent or non-substituted saturated hydrocartx>n groip having 1 through 
6 caitxxi atoms, a sutistftuent or norvsubstituted unsaturated hydrocartx>n group having 1 through 6 carbon 
atoms and an alicydic saturated hydrocartx>n group hiaving 3 through 6 cartx)n atoms; and 
a fourth step of forming a resist pattern out of said resist film by rerfx>ving an unexposed portion of said resist 
film not exposed in the pattern exposure tfirough etching of said resist film by using saki silylated layer as a 
mask. 
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10. The pattern formation method of Claim 9, 

wherein said resist used in said first step is a chemically amplified resist indtxltng an acid generator and a 
resin that changed to be alkali-solutrfe t^y a function of an add. 

5 11. The pattern formation method of Claim 9, 

wherein said resist used in said first step is a chemicaily amplified resist induding an add generator, an 
alkali-solut)le resin and a compound or resin that is dianged to be alkaii-sduble by a function of an add. 

12. The pattern formation method of Claim 9. 
10 wherein said resist used in said first step indudes a naphthoquinone diazido compound and a nov^lak resi n. . 
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Fig. 1 (a) 




Fig. 1 (b) 
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Fig. 1 (c) 



Fig. 1 (d) 
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Fig. 2 (a) 
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Fig. 3 (a) 




Fig. 3(b) 
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Fig. 6(a) 
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Fig. 6 (b) 
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Fig. 7 (a) 
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